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ABSTRACT
Aim: To determine the influence of breastfeeding on overweight and obesity in early 
adolescence.
Methods: Data about breastfeeding duration, BMI of children at 14 years, and confounding 
variables, were collected from an ongoing longitudinal study of a birth cohort of 7776 
children in Brisbane. Prevalence of overweight and obesity at 14 years was assessed 
according to duration of breastfeeding, with logistic regression being used to adjust for the 
influence of confounders.
Results: Data were available for 3698 children, and those not included were significantly 
different in age, educational level, income, race, birthweight, and small-for-gestational-age 
status. Breastfeeding for longer than six months was protective of obesity (OR 0.6, 95% CI 
0.4, 0.96) though not of overweight. When confounding variables were considered the effect 
size diminished and lost statistical significance OR 0.8 (95% CI 0.5, 1.3). Breastfeeding for 
less than 6 months had no effect on either obesity or overweight though a trend was found for 
increased prevalence of overweight at 14 years with shorter periods of breastfeeding.
Conclusion: This investigation contributes to the gathering body of evidence that 
breastfeeding for longer than 6 months has a modest protective effect against obesity in 
adolescence.
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In Western countries, concern has grown about the increasing numbers of children 
who are overweight and obese,1,2 and similar concerns are emerging in many 
developing countries.3,4 In Australian children, the prevalence of combined 
overweight and obesity doubled from 1985 to 1997, while the prevalence of obesity 
trebled.5,6 Cultural and background social factors may play a part in this.6 Because 
overweight and obesity in adolescence is strongly linked to continuing weight 
problems in adulthood,7 and the associated health risks, knowledge of childhood 
modifiable risks and protective factors has emerged as an important issue for public 
health and clinical concerns.
The mechanisms which might explain a relationship between breastfeeding and 
overweight/obesity in childhood are uncertain. A range of suggested mechanisms 
include mothers' regulation of intake, the unique composition of breast milk, total 
calories affecting initial tracking of weight, regulation of number of fat cells, possible 
hormonal/metabolic effects, and that breastfeeding is a surrogate for a range of social 
differences that also modify child weight.
Debate surrounds a possible protective effect of breastfeeding on later obesity. Some 
investigators concluded that breastfeeding protected against child8-12 and 
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adolescent13-15 obesity, while others have found little effect.16-19 The argument is 
coloured by difficulties surrounding adequate control of confounding variables related 
to breastfeeding and obesity. Many of these are psychosocial, and the extent to which 
these effects are directly attributable to breastfeeding itself, to duration of 
breastfeeding,20 to behavioural factors such as maternal control of feeding,21 or family 
and socio-economic factors22 is uncertain.
Reviews of the literature on the role of breastfeeding in obesity have reached different 
conclusions. One found only a small but consistent protective effect on obesity from 
breastfeeding23 while another24 concluded that while a dose-response from duration of 
breastfeeding on obesity prevention was evident in some studies, further research was 
needed to distinguish true effects from those generated by the plethora of potentially 
confounding variables. This extensive review provides a framework for comparison 
of the included studies, the latest of which was published in 1999. This systematic 
review of childhood predictors of adult obesity concluded that although evidence was 
limited, no clear relationship was evident between infant feeding practices and later 
obesity. Using a similar table, we summarised papers published since then (Table 1). 
Similar to findings of the previous review, conclusions differed, and while most had 
large sample sizes, some were hampered by not examining the effect of confounding 
variables. Two studies did take a long list of confounders into account, but their 
results were contradictory.16,25 Unfortunately from a scientific perspective, a 
randomised control trial to test the relationship between breastfeeding and obesity is 
not possible. The best evidence must come from well-performed cohort studies where 
information on breastfeeding is collected prospectively and a range of potential 
confounders and pathways are considered.
In a study31 using data collected as part of the Mater-University Study of Pregnancy 
Project26 (MUSP) duration of breastfeeding for more than 6 months was associated 
with the lowest risk of overweight and obesity at 5 years of age, although parental 
BMI and birthweight had a much stronger influence on obesity.
This paper continues that work, using the MUSP data to examine the relationship 
between duration of breastfeeding and being overweight or obese at age 14 years 
while taking into account variables such as family and social influences.
Key Points
1 An epidemic of increasing obesity exists and treatment is difficult.
2. Longer duration of breastfeeding is a likely protective factor for obesity.
3 Breastfeeding is reinforced as an important public health intervention.
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Table 1  Overview of literature since 1999
Study Design n Ages
BF 
definition Confounders
Overweight and 
obesity Results Limitations
Gillman et al. 
200125 USA
Cohort 
questionnaires, 
retrospective for 
mothers, self-
report for children
15 341 9–14 year
s (mean 
11.9 
years)
1. scale 
with BF 
only, BF + 
ormula, to 
formula 
only
2. BF 
duration
Age, puberty stage, sex, 
child's food intake, physical 
activity level, TV hours, 
birthweight, mother's BMI, 
mother's smoking, mother's 
m weight cycles, other's 
diet, family income
At risk for 
overweight = BMI 85–
95th percentile.
Overweight = BMI >  
95th percentile
Dose-response 
of duration of BF 
and ↓ risk of 
obesity
Relied on mother's 
recall of BF, and child's 
self-report of height, 
weight, TV watching, 
activity level
Liese et al. 
200111 
Germany
Cross-sectional, 
mothers' 
questionnaire for 
recall of BF
2 108 9–10 year
s
1. BF Yes/
No
2. BF 
duration
Race, SES, smoking, 
family diet, birth order, 
birthweight, preterm birth, 
parental age at birth
Overweight = BMI > 90
th percentile
BF > 6 months ↓ 
risk of 
overweight 
Dose-response 
of duration of BF
Relied on mother's 
recall, no parental BMI 
data available.
Poulton et al. 
200114 New 
Zealand
Longitudinal from 
birth
Questionnaire for 
mothers for recall 
of BF at 3 years
 980 1, 3, 5, 7, 
9, 11, 13, 
15, 18, 
21, 
26 years
BF 
duration
Sex, birthweight, mother's 
education level, parents' 
BMI
Overweight = BMI 85–
94th percentile
Obesity = BMI > 95th 
percentile
At 15, 18, 21 
BF < 6 months 
no effect, 
> 6 months 
associated with ↓ 
risk of obesity 
(unadjusted)
Relied on mother's 
recall, confounders such 
as SES factors and 
activity levels not 
included
Hediger 200116 
USA
Cross section of 
longitudinal study
2 685 3–5 years 1. ever BF
2. BF 
duration
Race, sex, gestation, 
birthweight, birth order, 
age, mother's BMI
At risk for 
overweight =  BMI 85–
94th percentile.
Overweight = BMI >  
95th percentile
No dose effect
Weak 
association 
between fully BF 
and ↓ risk of 
obesity
Maternal obesity 
much stronger 
influence on 
child's obesity
Relied on mother's 
recall
Toschke et al. 
200210 Czech 
Republic
Cross-sectional 33 768 6–14 year
s
1. ever BF
2. BF 
duration
Parents education levels, 
parents BMI, mother's 
smoking, birthweight, birth 
Overweight = BMI > 
90th percentile
Obesity = BMI > 97th 
BF associated 
with ↓ risk of 
obesity
Relied on mother's 
recall of BF
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Study Design n Ages
BF 
definition Confounders
Overweight and 
obesity Results Limitations
order, TV watching, activity 
levels, fruit consumption
percentile
Armstrong et al. 
20029 Scotland
Cross section of 
longitudinal study 
using Hth Visitor 
6- to 8-week visit 
data for BF and 
3–4 years' visit
32 200 39–42 mo
nths
BF
Formula
Sex
Birthweight
SES
Obesity = BMI = 95th 
percentile
Severe obesity =  
BMI ≥ 98th percentile
BF associated ↓ 
risk of obesity
Not included: BF 
Duration, parental BMI, 
geographical nature of 
SES index of doubtful 
validity
No allowance for those 
both BF and formula fed
Parsons et al. 
200317 UK
Longitudinal 
study 1958 
British Birth 
Cohort
(a) 
7 years 
12 857
(b) 
33 yea
rs 
9287
7 years, 
33 years
<1 month, 
>1 month, 
never
SES, maternal BMI, 
maternal smoking, parity, 
birthweight, birth order
Obesity = (a) 
7 years = 95th 
percentile (b) 
33 years = 30 kg/m2
No effect Relied on mother's 
recall of BF, no parental 
BMI
Parsons and 
Power 200318 
UK
Cross-sectional, 
random sample 
from 1958
British Birth 
Cohort
2 631 4–18 year
s (4–8, 9–
18 years)
BF 
duration
Sex, parent's BMI, 
maternal smoking, 
birthweight, SES
Obesity = SD score 
>1.64 (95 percentile)
No effect Relied on mother's 
recall of BF
Victora et al. 
200319 Brazil
Population based 
birth cohort study
2 250 
(boys 
only)
18 years BF 
duration
Income, maternal 
education, maternal BMI, 
maternal smoking, 
birthweight, gestational age
Overweight BMI ≥ 85 
percentile, obesity 
BMI ≥ €85% + 
skinfolds ≥ €90 
percentile
No effect No girls included. 21% 
loss to follow-up
No exclusive BF
Bergmann et al. 
200312 
Germany
Longitudinal 
anthropometric 
study from birth 
to 6 years
 480 6,12,18 m
onths, 2, 
3, 4, 5, 
6 years
BF/bottle 
fed
BMI parents, maternal 
smoking, parents' 
education, occupation, 
SES
Overweight BMI > 90th 
percentile
Obese > 95th 
percentile
Association of 
higher BMI and 
thicker skinfolds 
with non-BF 
began at 
3 months and 
increased to 
6 years.
Non-random sampling, 
possible
Hawthorne effect, no 
distinction of partially BF 
infants, higher loss to 
follow-up in-non-BF 
group
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Study Design n Ages
BF 
definition Confounders
Overweight and 
obesity Results Limitations
Frye and 
Heinrich 200327 
East Germany
Consecutive 
surveys
6 650 5–7 years 
8–10 year
s, 11–
14 years
BF 
duration
Sex, age, region, season, 
parent education, 
birthweight
Age and sex related 
BMI26
BF protective 
against obesity
BF relied on mothers' 
recall, no parental BMI
Grummer- 
Strawn and Mei 
200413 USA
Cross-sectional 
prospective study
177 30
4
4 years Never BF, 
duration
Race, sex, birthweight, 
maternal age, education, 
BMI, weight gain during 
pregnancy, smoking
Overweight BMI ≥ 95th 
percentile
Dose-response 
protective 
relationship in 
non-Hispanic 
whites, no effect 
in non-Hispanic 
blacks and 
Hispanics
Nutrition and physical 
activity not included, 
only representative of 
children enrolled in 
public health 
programmes, no 
distinction of partially BF 
infants
Bogen et al. 
2004,28 USA
Retrospective 
cohort study
73 485 4 years Duration, 
age of 
introductio
n of 
formula
Race, mother smoking in 
pregnancy
Obesity ≥ 95th 
percentile
BF associated 
with obesity in 
black children 
whose mothers 
had smoked
No diet and activity data 
collected
Nelson et al. 
2005,29 USA
Cohort analysis 
of longitudinal 
data set
11 998 Grades 
7–12
BF yes/no, 
& duration
Race, parent education, 
low birthweight, maternal 
obesity, income, age, 
puberty, adolescent 
smoking
Overweight BMI ≥  85 
percentile
Odds of 
overweigh 
decrease as 
duration of BF 
increases (girls), 
less consistent in 
boys
Residual confounding 
relating to mother's 
choice to BF
BF Relied on mothers' 
recall
Chaoyang et al. 
2005,30 USA
Cohort analysis 
of longitudinal 
data set
2 636 2–14 year
s
BF yes/no, 
duration
Age, sex, race, gestational 
age, birthweight, birth 
order, maternal age at 
childbirth, maternal 
smoking, alcohol, weight 
gain during pregnancy, 
maternal education, 
income
Overweight BMI ≥  
95th percentile
BF > 4 months 
trend for 
protective effect
No information on diet 
and activity, maternal 
height and weight self- 
reported
BF Relied on mothers' 
recall
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METHODS
The Mater-University Study of Pregnancy cohort26 initially included 8556 women 
enrolled on their first antenatal visit to the Mater Mothers' Hospital in Brisbane 
between 1981 and 1984. Exclusions (multiple births, stillbirths, infant and neonatal 
deaths, adoptions and births at sites other than the Mater Mothers' Hospital) left a total 
of 7776 singleton births comprising the birth cohort. Mothers completed 
questionnaires at enrolment, post birth, 6 months, 5 and 14 years. Clinical assessment 
at 5 and 14 years included measurement of height and weight. Subjects for this report 
are the 3698 children for whom information regarding both breastfeeding (reported at 
6-month follow-up) and BMI at 14 years were available (the mean age was 13.9 
years, SD = 0.33).
Because of substantial attrition in this study the effect of potential bias by social 
factors influencing loss to follow-up was examined. Independent predictors of loss to 
follow-up were determined from a logistic model that included the factors in Table 2. 
A score of one was then given for maternal age <20 years, low income, low education 
and non-white race, and summed to form the risk score. This was recoded into three 
levels of risk.
Measurements
Predictor
Duration of breastfeeding was measured by maternal questionnaire at the 6-month 
follow-up asking 'how long did you breastfeed?'. Mothers circled one of six possible 
times – still breastfeeding, 4–6 months, 7 weeks to 3 months, 3–6 weeks, 2 weeks or 
less, or not at all. Although we had initially considered those indicating 'still 
breastfeeding' as having duration of breastfeeding of 6 months or greater, on review 
of dates when the questionnaires were returned, 50% of the 'still breastfeeding' group 
had returned the questionnaire between 5 and 6 months. Because of this potential 
overlap in the groups indicating duration of breastfeeding for 4–6 months and those 
indicating 'still breastfeeding' and also because of limited study numbers for analysis 
within certain categories, and for consistency with relevant literature examining 
duration of breastfeeding,13,15-18,24 breastfeeding was initially examined using 
categories of no breastfeeding, breastfeeding for less than or equal to 4 months, and 
longer than 4 months. Analysis was however, also performed comparing the 
categories of 'still breastfeeding', breastfeeding for other durations, and no 
breastfeeding as the group 'still breastfeeding' included those feeding for periods 
greater than 6 months.
Outcome
Similarly to the 5-year assessment31 height at 14 years was measured by taking the 
average of two values from a portable wall-attached stadiometer, and weight from a 
scale reading to 0.2 kg. Body Mass Index (BMI) was calculated according to the 
formula weight (kgm)
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Table 2  Comparison of birth cohort children included or not included in analysis
 n Included n = 3698 (%) n Not included n = 4078 (%) P
Maternal age (years)
  13–19
  20–34
  ≥35
472
3038
188
12.8
82.2
5.1
818
3039
171
20.1
75.7
4.2
 
 
<0.001
Maternal education
  Incomplete high
  Complete high
  Post high
597
2352
719
16.3
64.1
19.6
838
2510
607
21.2
63.5
15.3
 
 
<0.001
Income (A$)
  <10 399
  ≥10 399
1008
2495
28.8
71.2
1504
2143
41.2
58.8
 
<0.001
Race parents
  White
  Asian
  Aboriginal Islander
3281
150
155
91.5
4.2
4.3
3349
193
322
86.7
5.0
8.3
 
 
<0.001
BMI mother (percentile)
  <85
  85–94
  ≥95
2940
357
173
84.7
10.3
5.0
3180
356
173
85.7
9.6
4.7
 
 
0.5
BMI father
  <85
  85–94
  ≥95
2778
314
172
85.1
9.6
5.3
2857
324
167
85.3
9.7
5.0
 
 
0.9
Birthweight (percentile)
  <85
  85–94
  ≥95
3103
380
213
84.0
10.3
5.8
3497
394
175
86.0
9.7
4.3
 
 
<0.001
Gender
  Male
  Female
1902
1778
51.9
48.1
2118
1960
51.9
48.1
 
1.0
SGA status
  No
  Yes
3358
337
90.0
9.1
3568
506
87.6
12.4
 
<0.001
Numbers vary because of missing information for certain variables.
SGA, small for gestational age.
Comparisons of characteristics of included and not included children using χ-squared test.
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The international reference values of Cole et al.32 were used to classify children 
according to BMI as either overweight or obese. A computer program using UK 
growth reference data was available to calculate mean BMI Z-scores adjusted for age 
and sex so as to compare mean BMI scores according to duration of breastfeeding
Other measurements
A number of factors considered in the literature to be potential confounders and 
available in the MUSP data were examined. Factors related to both breastfeeding and 
BMI categories and recorded at the first visit of pregnancy were maternal age, level of 
education, gross family income; race of mother and father (recorded as white, Asian 
or Aboriginal Islander) and BMI of parents calculated from weight and height of 
mother and father (as reported by the mother at first clinic visit). Small-for-
gestational-age status of the infant at birth was defined as less than the tenth percentile 
for birthweight within the MUSP cohort, adjusted for sex and gestation. At 
adolescence, hours of television viewing on weekdays and weekends were reported by 
both adolescent and mother at the 14 years' visit. Gross family income was recorded 
at this time. Other factors examined although not related to both duration of 
breastfeeding and 14 years' BMI categories were marital status at first visit, sex of the 
child, birthweight, feeding and sleeping problems at 6 months, and self-reported 
puberty status at 14 years.
Statistical analysis
Categorical variables were examined using the χ-square statistic and differences in 
means compared using one-way analysis of variance with the Scheffe test for post hoc 
analysis. Logistic regression was utilised to examine possible confounding of the 
relationship between breastfeeding and BMI categories. A two-tail P-value of less 
than 0.05 was taken to indicate statistical significance. Potential confounders were 
examined initially separately by including them in logistic models containing 
breastfeeding duration as two indicator variables, with no breastfeeding as the 
reference category. For obesity, those at or greater than the 95th percentile (obese) 
were compared with those less than 95th BMI percentile. For predictors of 
overweight, children with obesity were excluded and the overweight group was 
compared with those with BMI less than the 85th percentile.
RESULTS
Children included in the study were compared with the remainder of the birth cohort 
on a range of social and biological factors (Table 2). Those children not included were 
likely to have younger, less well-educated and less wealthy mothers; to have non-
Caucasian parents and have lower birthweights. BMI distribution of mothers and 
fathers was similar in the two groups.
Mean BMI Z-score of the 14-year-old children and proportion of those overweight or 
obese were compared according to duration of breastfeeding (Table 3). Also shown 
are these relationships when breastfeeding duration is compressed into three 
categories. Children still breastfeeding had the lowest mean BMI score while those 
breastfed for periods of up to the 4- to 6-month category had higher BMI mean Z-
scores than those not breastfed. Children breastfed for less than 3 weeks had the 
highest mean BMI. For comparisons of mean BMI values involving six levels of 
breastfeeding, although the overall P-value was significant (0.04) on a post hoc 
Scheffe test, no intergroup comparison yielded a P-value of less than 0.05. If the '4- to 
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6-month' and 'still breastfeeding' groups were combined (mean = 0.35, SD = 1.18) 
then the overall difference between the five categories was no longer statistically 
significant (F = 2.26, d.f. = 4, 3693, P = 0.06). A comparison of mean BMI values for 
the categories based on ≥4 months and nil indicates that those breastfed for less than 4 
months had the highest mean BMI values, although overall, these differences were not 
statistically significant. For the categorisation based on 'still breastfeeding' the overall 
difference in means was significant (P = 0.03), although on post hoc Scheffe test the 
only significant difference was that between 'still beast feeding' and breastfeeding for 
'other durations'.
Differences between groups in the number of children who were overweight or obese 
were statistically significant only when the three levels of breastfeeding were 
compared. The prevalence of obesity in those still breastfeeding was 4.6% compared 
with 6.1% for those breastfeeding for other durations and 6.9% obese in those never 
breastfed. Children never breastfed had the lowest level of overweight (16.2%) which 
was similar to those breastfed for more than 4 months (16.7%), or the still 
breastfeeding group (16.6%). Those breastfed for less than 4 months had the highest 
prevalence of overweight (19.9%).
Using the two levels of breastfeeding (separately for the ≥4 months, <4 months and 
still breastfeeding, other durations classification categories) as predictor variables 
with never breastfed as the reference category, the risk of overweight and obesity was 
adjusted for potential confounders in a series of steps. (Table 4). Risk of obesity was 
reduced for those breastfed for longer than 4 months (unadjusted OR = 0.7, 95% CI 
0.5, 1.0), although when adjusted for factors from early life and 14 years listed in 
Table 4, the estimate in the final model was (OR = 0.88) and not statistically 
significant (95% CI 0.6, 1.4). No protective effect on obesity was evident for 
breastfeeding duration less than 6 months. For risk of overweight, no significant 
effects were found although there was a trend for breastfeeding less than 4 months to 
be associated with an increased prevalence of overweight at 14 years. A similar set of 
logistic regression models were performed for breastfeeding categorised as still 
breastfeeding, breastfeeding for other reported periods, and nil, with the latter again 
being the reference category. For predicting obesity at 14 years, the unadjusted OR 
was 0.6 (0.4, 0.96) for still breastfeeding and 0.9 (0.6, 1.2) for lesser periods. The 
adjusted estimates from model 3 were 0.8 (0.5, 1.3) and 1.1 (0.7, 1.6). For overweight 
the ORs, for still breastfeeding were 1.0 and 1.2 in the unadjusted analysis for still 
breastfeeding or breastfeeding for other times. The estimates in the adjusted analysis 
were similar. Finally, the attrition risk score was included in the model, although this 
only minimally affected estimates (Table 4).
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Table 3  Relationship between duration of breastfeeding and BMI at 14 years
Breastfeeding duration n (3698)
Z-score† Percentage
Mean SD Normal Overweight Obesity
All categories
  Still breastfeeding
  4–6 months
  7 weeks−3 months
  3 weeks−6 weeks
  <3 weeks
  Nil
1223
391
515
464
396
709
F = 2.28
0.32
0.43
0.42
0.39
0.55
0.37
d.f. = 5, 3692
1.19
1.15
1.24
1.24
1.22
1.29
P = 0.04
78.8
76.7
75.0
74.4
72.7
76.9
χ2 = 13.8
16.6
17.1
18.6
19.6
21.7
16.2
d.f. = 10
4.6
6.1
6.4
6.0
5.6
6.9
P = 0.2
Combined categories
  ≥4 months
  <4 months
  Nil
1614
1375
709
F = 2.57
0.35
0.45
0.37
d.f. = 2, 3695
1.18
1.23
1.29
P = 0.08
78.3
74.1
76.9
χ2 = 10.7
16.7
19.9
16.2
d.f. = 4
5.0
6.0
6.9
P = 0.03
Combined categories
  Still breastfeeding
  Other durations
  Nil
1223
1766
709
F = 3.37
0.32
0.45
0.37
d.f. = 2, 3695
1.19
1.22
1.29
P = 0.02
78.8
74.7
76.9
χ2 = 10.6
16.6
19.3
16.2
d.f. = 4
4.6
6.1
6.9
P = 0.04
†Z-score based on UK growth data (adjusted age and gender).
BMI values based on Cole et al. 'International norms'.32
Mean Z-scores compared using one-way analysis of variance. Comparisons of BMI categories used χ-
squared test
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Table 4  Relationship between duration of breastfeeding categories and overweight 
and obesity at 14 years: unadjusted and adjusted analysis
Breastfeeding categories Model 1 Model 2 Model 3 Model 4
Overweight
  ≥4 months
  <4 months
  Nil
1.0 (0.8, 1.3)
1.2 (0.99, 1.6)
1
1.1 (0.8, 1.4)
1.25 (0.94, 1.7)
1
1.1 (0.9, 1.5)
1.26 (0.95, 1.7)
1
1.1 (0.8, 1.5)
1.3 (0.97, 1.8)
1
Obesity
  ≥4 months
  <4 months
  Nil
0.7 (0.5, 1.0)
0.87 (0.6, 1.2)
1
0.86 (0.6, 1.3)
0.95 (0.6, 1.3)
1
0.88 (0.6, 1,4)
0.98 (0.6, 1.5)
1
0.92 (0.6, 1.5)
0.94 (0.6, 1.5)
1
Overweight
  Still breastfeeding
  Other durations
  Nil
1.0 (0.8, 1.3)
1.2 (0.97, 1.5)
1
1.1 (0.8, 1.4)
1.2 (0.9, 1.6)
1
1.15 (0.9, 1.5)
1.2 (0.9, 1.6)
1
1.15 (0.8, 1.6)
1.27 (.95, 1.7)
1
Obesity
  Still breastfeeding
  Other durations
  Nil
0.64 (0.4, 0.96)
0.88 (0.6, 1.2)
1
0.78 (0.5, 1.2)
0.98 (0.6, 1.5)
1
0.8 (0.5, 1.3)
1.0 (0.7, 1.5)
1
0.85 (0.5, 1.4)
1.0 (0.6, 1.5)
1
Model 1: breastfeeding categories as two indicator variables compared with nil as Reference category.
Model 2: model 1 plus small-for-gestational-age status, BMI mother, BMI father, maternal age, maternal 
education level.
Model 3: model 2 plus hours adolescent TV viewing weekend (adolescent and maternal rating) and 
hours TV viewing weekdays (maternal rating).
Model 4: model 3 plus attrition risk category based on (maternal age < 20 years, low income, low 
maternal education and non-white race) as described in Methods.
DISCUSSION
Findings from this study suggested that breastfeeding for longer periods was mildly 
protective for obesity at 14 years, although not of overweight, and when confounding 
variables were considered the effect was diminished. Although not statistically 
significant and possibly owing to chance, the estimate of effect in the adjusted 
analysis for those still breastfeeding at the time of follow-up (adjusted OR 0.8) was 
very similar to that reported in several studies of children in late childhood or early 
adolescence.8,9,16 Breastfeeding for less than 4 months had no effect on either obesity 
or overweight although a trend was found for increased prevalence of obesity at 
14 years.
While not immune from similar criticisms to those expressed in Table 1, our current 
study was able to provide data which could be adjusted effectively for a range of 
confounders. Only four recent studies examined children around the same age as the 
children included here. One found no effect;17 while a New Zealand study14 found 
breastfeeding for less than 6 months had no effect, but children breastfed longer than 
6 months had a decreased risk of overweight or obesity (greater than the 85th 
percentile) at 15, 18 and 21 years. The effect tapered off with increasing age and was 
not present at 26 years.
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Gillman et al.25 reported an adjusted OR of 0.78 (0.67, 0.96) for BMI greater than the 
95th percentile for children aged 9–14 years breastfed for at least 7 months compared 
with subjects breastfed for 3 months or less. Interestingly, and similar to the findings 
in our study, they found that infants breastfed for less than 1 month or 1–3 months 
had an increased prevalence of obesity (greater than 95th percentile) compared with 
infants never breastfed. Other studies have found clear protective effects for 
breastfeeding at all durations.8,11 A large study of Czech children aged 6–14 years10 in 
which 90.7% were breastfed and where socio-economic factors were homogenous 
throughout the sample, concluded that the overall prevalence of overweight (greater 
than the 90th percentile) and obesity (greater than the 97th percentile) was lower in 
breastfed children (adjusted OR overweight or obesity 0.8). There was little evidence 
of an effect of duration of breastfeeding.
A study of an age series of children in the then East Germany27 showed a protective 
effect of breastfeeding at 14 years, as did a study of US children aged 2–14 years, 
although this latter study was confounded with maternal prepregnancy weight.33 In 
another US study, breastfeeding duration and obesity were interrelated in back 
children only, with longer duration having a protective effect. This was not found in 
the white children in the sample,28 and another study found similar effects in girls 
only.29
Several,8,9,11,13 although not all studies,16 reported a dose-response effect with duration 
of breastfeeding with children breastfed for longer than 6 months having the lowest 
prevalence of obesity. In the earlier MUSP study31 longer duration of breastfeeding 
decreased the risk of obesity at age 5 years, although a much stronger association with 
later obesity was found with both maternal and paternal BMI. Our study also found 
that parental BMI was strongly predictive of obesity at age 14 years, suggesting that 
biological factors are influential, although common lifestyle factors could play a role.
Similar to the findings of Poulton et al.,14 although unlike a number of studies, we 
could not substantiate a positive benefit of breastfeeding for lesser periods on either 
overweight or obesity. Differences in definitions of overweight and obesity make 
comparison of study findings difficult. (see Table 1).
Limitations
Interpretation of the findings of our study needs to be guarded as substantial loss to 
follow-up occurred. The disproportionate loss of Aboriginal and Islander mothers, 
those with lower levels of maternal education, younger mothers and those on lower 
incomes may have affected the outcome had they been included. Breastfeeding 
prevalence would be anticipated to be lower in this group. Social factors are, however, 
generally only weakly associated with obesity in studies of Australian children.31 
Children lost to follow-up were more likely to have lower birthweights and to have 
been small for gestational age than those included in this study. Unless there as a 
marked effect of the Barker hypothesis30 with a disproportionate increase in 
overweight and obesity in small-for-gestational-age infants, the small numbers of 
growth restricted infants and lack of effect within the study sample makes this 
explanation unlikely to substantially alter findings.
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A second issue is our inability to precisely define the duration of breastfeeding for 
those breastfeeding more than 4 months. Although the group 'still breastfeeding' 
includes all those with longer durations of breastfeeding, this imprecision of 
measurement is likely to lead to an underestimate of the magnitude of the relationship.
Given the broad range of factors that may influence both the decision to breastfeed 
and body weight, unidentified confounding related to selection factors in those 
electing to breastfeed especially for longer periods remains a potential explanation for 
the apparent modest protective effect of breastfeeding on obesity. We were able to 
control for the majority of confounders analysed in similar studies, although we had 
no data about the introduction of solid foods, or fluids and foods other than breast 
milk. Residual confounding may exist however, particularly in variables relying on 
self-report, or BMI calculated from reported height and weight.34,35 The lack of a 
linear relationship between duration of breastfeeding and obesity suggests that if the 
relationship is due to a causal mechanism then this may relate more to appetite 
regulation36 than to specific effects of breast milk itself.
Implications
This paper contributes to the gathering body of evidence that breastfeeding for longer 
durations has a modest protective effect against obesity in adolescence. Evidence for 
this association being causal would be strengthened if future studies, in addition to 
their findings being consistent with previous studies, could also elucidate the 
mechanism for this association. With the growing prevalence of obesity in Australian 
children,5,6 and the beneficial effects of breastfeeding on other aspects of health and 
development, evidence such as this supports education programmes for health 
professionals, and, most importantly, for community health promotion. This 
information can be used by paediatricians and general practitioners, child health 
nurses, midwives and breastfeeding lobby groups to actively encourage and support 
breastfeeding mothers.
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